The median preoptic nucleus (MnPO) is densely innervated by efferent projections from the subfornical organ (SFO) and, therefore, is an important relay for peripherals chemosensory and humoral information (osmolality and serum levels angiotensin II). In this context, controlling the excitability of MnPO neuronal populations is a major determinant of body fluid homeostasis and cardiovascular regulation. Using a brain slice preparation and patch-clamp recordings, our study sought to determine whether endogenous angiotensin II (AngII) modulates the strength of the SFO-derived GABAergic inputs to the MnPO. Our results showed that the amplitude of the IPSCs were progressively reduced by 44 ± 2.3% by ( 
INTRODUCTION
The median preoptic nucleus (MnPO) is the midline structure of the lamina terminalis (LT) and a pivotal brain site for the hydromineral and cardiovascular homeostasis (See (18, 30) for detailed reviews). Chemical lesions of the MnPO produce deficits in both osmotically-and angiotensin II-stimulated water intake and vasopressin secretion (7, 13, 27 ) and increase need-free sodium intake (12) . Similar lesions impaired cardiovascular reflex activity (28) and blocked pressor responses elicited by sodium hyperosmolality or intracerebroventricular injection of angiotensin II (AngII) (5, 17, 44 ).
In the context of a functional hypothalamic neuronal network, the MnPO is considered an integrator of chemosensory (osmolality) and humoral (AngII) signals relevant to hydromineral and cardiovascular homeostasis. Changes in plasma osmolality have been shown to alter the spiking activity of MnPO neurons (1, 29, 37, 38) and our laboratory discovered that these changes in electrical activity of MnPO neurons were driven by changes in the CSF Na + level, rather than CSF osmolality (14) . Behavioral studies showed that AngII infused into the OVLT or adjacent MnPO caused an increase in Na + intake (8, 10, 11) . Electrophysiological studies reported that the spiking activity of neurons within the median preoptic area (mainly the MnPO) was transiently enhanced after iontophoretic application of AngII (38, 40) or following an increase in systemic AngII (37). Finally, in vitro recordings revealed that AngII increased spike frequency in MnPO neurons (41) via postsynaptic depolarization (3) . All these modulatory actions likely result from AngII that is released from the axonal projections of angiotensinergic neurons located in the subfornical organ (SFO). This is supported by the identification of many nerve cell bodies in this structure with Ang-like immunoreactivity (26) in addition to Ang-like immunoreactive fibers invading the MnPO (25).
As a putative mechanism for hydromineral and cardiovascular regulation, AngII has also been shown to alter the excitability of hypothalamic neurons by modulating their afferent synaptic neurotransmission. In the paraventricular nucleus (PVN), AngII increases the excitability of spinally projecting PVN neurons by reducing their GABAergic inputs. This action is mediated by activation of the angiotensin type 1 receptor (AT 1 R) (22, 23). In contrast,
AngII signaling through presynaptic AT 1 R increases the excitability of magnocellular neurons by potentiating excitatory synaptic neurotransmission afferent to the supraoptic nucleus (33).
Although these previous studies identified the effects and related mechanisms of action of AngII on brain regions involved in hydromineral and cardiovascular regulation, unraveling the action(s) of endogenous angiotensin II on neuronal excitability would constitute an important breakthrough in the physiology of central homeostatic mechanisms. In this context, we used an electrophysiological approach applied to an in vitro hypothalamic slice preparation to investigate the putative effects of an AT 1 R antagonist on the excitability of MnPO neuronal populations, particularly those that specifically responded to a change in the ambient Na + level.
MATERIALS AND METHODS
The experiments described in the present study were performed in accordance with the guidelines established by the Canadian Council on Animal Care and were duly approved by the Animal Care Committee of the Centre Hospitalier de l'Université Laval.
Hypothalamic slices
Acute hypothalamus slices were prepared from male Wistar rats (4-5 weeks old). The animals were at first anesthetized with a ketamine-xylasine solution (87.5 and 12.5 mg/kg, respectively) injected intraperitoneally and decapitated. Brains were quickly removed from the skull and submerged in ice-cold (2°C) artificial cerebrospinal fluid (aCSF) continuously bubbled with a gas mixture (95% O 2 -5% CO 2 ) and containing in mM: 
Statistical analysis
Raw data are expressed as means ± SEM. The Gaussian distribution of the dependent variables was first tested using the Kolmogorov-Smirnov normality test. Comparison of means for repeated measures was performed with a one-way ANOVA. When appropriate, post-hoc Tukey's multiple comparison test was applied and statistical significance was determined at P < 0.05. Comparison of means obtained before and after drug application was performed using a paired t-test and p < 0.05 was considered significant.
RESULTS
All the patch-clamp recordings were carried out in the voltage-clamp mode at a holding potential of -60 mV. Fast GABAergic postsynaptic response elicited at that membrane potential was characterized by an outward current (IPSC) resulting from a hyperpolarized reversal potential of the IPSCs (E IPSC , figure 1A ). This is in agreement with our previous demonstration of a highly regulated Cl -homeostasis by a K + /Cl -cotransporter in vMnPO neurons (15) . As expected, the outward IPSC was abolished by bath application of bicuculline showed that the eIPSCs were progressively reduced in the presence of (Sar 1 , Ile 8 )-Ang II compared to control (One-way ANOVA, F 6,54 = 100, p < 0.0001, n = 10, figure 2A ). The reduction in eIPSC amplitude was stable after 12 min. of drug incubation and was 44 ± 2.3% compared to control (Tukey's test t 12min. vs. t -8min. , t 12min. vs. t -4min. , t 12min. vs. t 0min. , p < 0.001, The next series of experiments was designed to investigate the locus of action of AngII.
The presence of presynaptic AT 1 R in controlling GABA release was first tested by using a paired-pulse paradigm, commonly used to measure changes in release probability. A series was not affected by losartan (PPR: 0.67 ± 0.05 in control vs. 0.7 ± 0.06 in the presence of losartan; paired t-test, p = 0.404; n = 4; figure 4B3 ). All these results make a presynaptic location of AT 1 R on GABAergic terminals unlikely, and to further validate the postsynaptic location of the AT 1 R, we investigated the effect of exogenous AngII on the amplitude of the muscimol-activated GABA A /Cl -current recorded at -60 mV. Our results showed that the outward muscimol-activated GABA A /Cl -current was increased by 53.1 ± 11.4 % in the presence of 1 μM AngII (paired t-test, p = 0.01, n = 6; figure 5A1, 5B1), whereas the amplitude of the GABA A /Cl -current elicited by two consecutive applications of muscimol remained unchanged (-7.3 ± 9 %; paired t-test, p = 0.455; n = 6; figure 5A2). As for the eIPSCs, the AngII-mediated increase in the amplitude of the GABA A /Cl -current was not associated with a change in the reversal potential of the current. The estimated E GABAA determined from slow depolarizing ramps ranging from -90 to -60 mV (16 mV.s -1 ) was -72.1 ± 1.1 mV under control conditions and -73.6 ± 0.6 mV in the presence of AngII (paired t-test, p = 0.11; n = 6; figure 5B2). As expected, E GABAA measured from two consecutive applications of muscimol remained stable (-71.6 ± 2.15 mV for muscimol application 1 and -70.9 ± 2.4 mV for muscimol application 2).
The AngII-mediated regulation of the GABA A responses reported above was observed in MnPO neurons displaying outward eIPSCs or muscimol-activated GABA A /Cl -current recorded at -50 or -60 mV. Here, we investigated possible modulation of the GABA A response in MnPO neurons displaying an inward inhibitory response when held at -60 mV. In these rare cells, local application of muscimol triggered an inward GABA A /Cl -current and the amplitude of the inward current was then examined at -90 mV in order to increase the driving force for Cl -ions. At this membrane potential, bath application of 1 μM AngII enhanced the amplitude of the GABA A /Cl -current by 86.5 ± 9.9 % (paired t-test, p= 0.016; n = 4; figure 5C1 ). This facilitation of the GABA A /Cl -current was not accompanied by a change in the reversal potential of the current, as E GABAA was estimated at -58.3 ± 2 mV under control conditions and at -57 ± 3.7 mV in the presence of AngII (paired t-test, p = 0.72, n = 4; figure 5C2 ). Taken together, the data reported above indicate that activation of postsynaptic AT 1 R modified the activity of GABA A receptors expressed in the neurons of the vMnPO.
AngII has a dual postsynaptic actions in the vMnPO neurons MnPO neurons have previously been shown to respond to exogenous AngII by a sustained depolarization (3, 36) . In order to reconcile these data with the present results, we introduced an identification criterion for neurons displaying AngII-mediated modulation of the GABA A response, i.e. sensitivity to a change in ambient Na + level (14) . Our results indicated that all neurons displaying either the (Sar 1 , Ile 8 )-AngII-induced reduction in eIPSCs (n = 5) or the AngII-induced facilitation of the muscimol-activated GABA A /Cl -current (n = 6) also responded to local application of iso-osmotic-hyponatriuric aCSF (300 mOsm.l -1 , 100 mM NaCl; 1 min) with a membrane hyperpolarization of 7 ± 0.9 mV (figure 6A, lower trace). In these neurons, the Ang II-mediated effect on the GABA A response was never combined with a change in the holding potential ( figure 6A, middle trace) . In a few cells tested for this Na + -specific sensitivity, the hyponatriuric aCSF did not generate a change in the membrane potential (7 out of 41 neurons, 17%), indicating that these neurons were not responsive to variation in extracellular Na + . Interestingly in these cells, local application of AngII (1 µM; 3-4 min) triggered a sustained depolarization (11 ± 3.5 mV) as illustrated in figure 6B .
These results indicated that AngII either facilitated the fast inhibitory transmission afferent to the Na + -responsive neurons or increased the excitability of a non-identified neuronal population in the vMnPO by depolarizing these neurons ( figure 6C ).
DISCUSSION
The present study revealed the tonic control of the inhibitory synaptic transmission afferent to the median preoptic nucleus by angiotensin II. This peptide-mediated facilitation of the GABA A response was based on a postsynaptic cellular mechanism involving crosstalk between the angiotensin type 1 receptor and the GABA A receptor. The present study showed that the AngII-mediated modulation of the inhibitory neurotransmission was restricted to the neuronal population of the MnPO that specifically responded to variations in ambient Na + .
Interestingly, we also found that AngII had a postsynaptic depolarizing action on MnPO neurons that were not sensitive to the variation of extracellular Na + ions, indicating that In these animals, glia-and neuron-specific expression of renin has been detected in the MnPO, whereas angiotensiogen expression was restricted to neurons in this nucleus (31, 32). Angiotensin II has dual actions in the MnPO, depending on the neuronal population
The identification of the neuronal population in which endogenous AngII tonically enhanced GABAergic input was based on their sensitivity to the ambient Na + concentration (14) . This finding differed, however, from previous reports describing a depolarizing effect of 
Perspectives and significance
The present study highlights an interesting functional aspect of central AngII, i.e.
facilitation of the GABAergic inhibition via the recruitment of postsynaptic AT 1 R. The underlying mechanism is an enhanced efficiency of the GABA A receptor activity and is thus, distinct from the modulation of GABA release (facilitation and attenuation) that occurs via the activation of presynaptic AT 1 R (19, 22) . In an integrative view of the physiology of the MnPO, the postsynaptic AT 1 R-mediated facilitation of the inhibitory synaptic current by endogenous AngII may participate to the mechanisms underlying the neural basis of Na + appetite. Indeed, It has been reported that furosemide-induced Na + depletion, a condition associated with enhanced production of AngII, was correlated with an increased proportion of septo-preoptic neurons which electrical activity was reduced by iontophoretic application of AngII (24). The inhibitory action of AngII on MnPO neuronal activity is well supported by our present data.
Moreover, an attractive hypothesis is that, under Na + deficit conditions, the enhanced production of local AngII in the MnPO would strenghten the inhibition of the subpopulation responsive to the change of ambiant Na + (14) . 
